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Abstract- An important measure for climate change 

mitigation is the reduction of energy use in buildings. 

So, there are needs to the growing number of buildings 

which are design as per achieving a Zero Energy 

Building (ZEB) to reduce the different cost of 

electricity, Ventilation, Water Heater, etc. by using PV 

cells, ventilation equipment, solar thermal heater. In 

Zero Energy Building (ZEB), there are renewable 

natural resources likes solar energy, wind energy, etc. 

are used in a proper manner according to the design of 

the building. This study analyses the change of 

embodied energy compared to the decrease of the 

energy use related to building operation; so, by this 

study taking the step from a low energy building to a 

ZEB. Embodied energy will increase slightly when 

taking the step from a low energy building towards 

ZEB. However, the energy savings achieved related to 

building operation exceeds with great margin, the 

increased embodied energy. As embodied energy as a 

relative share of the total cycle energy use increases 

embodied energy should be given more attention in the 

design of buildings. This research paper highlights the 

research review of most of the existing ZEB definitions 

and the various approaches towards possible ZEB. 

 

Index terms- Zero energy building, Embodied the 

energy 

1. INTRODUCTION 

 

A zero-energy building, also known as a zero net 

energy (ZNE) building, net-zero energy building 

(NZEB), or net-zero building, is a building with zero 

net energy consumption, meaning the total amount of 

energy used by the building on an annual basis is 

roughly equal to the amount of renewable energy 

created on the site.  

“A Zero Energy House produces as much energy as 

the people living in it consume. Our house generates 

energy via roof-integrated solar photovoltaic panels 

and roof-mounted solar hot water panels”. 

Traditional buildings consume 40% of the total fossil 

fuel energy and are significant contributors to 

greenhouse gases. The zero net energy consumption 

principle is viewed as a means to reduce carbon 

emissions and reduce dependence on fossil fuels and 

although zero energy buildings remain uncommon 

even in developed countries, they are gaining 

importance and popularity.  

Most zero-energy buildings use the electrical grid for 

energy storage but some are independent of the grid. 

Energy is usually harvested on-site through a 

combination of energy-producing technologies like 

solar and wind while reducing the overall use of 

energy with highly efficient heating ventilation and 

air conditioning (HVAC) and lighting technologies. 

The zero-energy goals are becoming more practical 

as the costs of alternative energy technologies 

decrease.  

Alternative energy can come from a variety of 

sources: solar, wind, geothermal, and biomass.  These 

renewable energy sources can be harnessed in a 

variety of ways to provide power, heating, and 

cooling to a building and lower supplemental 

consumption by traditional grid utilities. The most 

influential factor in achieving net-zero energy in a 

building is choosing what type and how much 

alternative energy will be used.  daylighting, the 

alternative energy source should be daylighting based 

on the natural resources offered by the particular 

region of the world the building site is located.  A 

marine or coastal building site might consider wind 

while a tropical site might consider solar, and an 

inland moderate site may want to explore the local 

geothermal resources.  These are by no means strict 

guidelines for choosing a source but offer a logical 

basis of how to choose which source a feasibility 

analysis should be performed on. 
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In addition to an alternative energy source, other 

sustainable construction design, technologies, and 

components must be used in order to further lower a 

building's demand for traditional grid utilities. The 

components used in ZEB are:  

Rain Water Harvesting Solar Panels 

Utility Wall Roofing 

Interior design & Ventilation Geothermal Pump 

Mobil Wind Mill Solar Water Heater 

 

Grid Connection Is Allowed and Necessary for 

Energy Balances  

A ZEB typically uses traditional energy sources such 

as the electric and natural gas utilities when on-site 

generation does not meet the loads. When the on-site 

generation is greater than the building‟s loads, excess 

electricity is exported to the utility grid. By using the 

grid to account for the energy balance, excess 

production can offset later energy use. Achieving a 

ZEB without the grid would be very difficult, as the 

current generation of storage technologies is limited. 

Despite the electric energy independence of off-grid 

buildings, they usually rely on outside energy sources 

such as propane (and other fuels) for cooking, space 

heating, water heating, and backup generators. Off-

grid buildings cannot feed their excess energy 

production back onto the grid to offset other energy 

uses. As a result, energy production from renewable 

resources must be oversized. In many cases 

(especially during the summer), excess generated 

energy cannot be used.  

We assume that excess on-site generation can always 

be sent to the grid. However, in high market 

penetration scenarios, the grid may not always need 

the excess energy. In this scenario, on-site energy 

storage would become necessary. 

 
Fig. 1 Working of Zero Energy Building 

A good ZEB definition should first encourage energy 

efficiency, and then use renewable energy sources 

available on site. A building that buys all its energy 

from a wind farm or other central location has little 

incentive to reduce building loads, which is why we 

refer to this as an off-site ZEB. Efficiency measures 

or energy conversion devices such as daylighting or 

combined heat and power devices cannot be 

considered on-site production in the ZEB context. 

Fuel cells and microturbines do not generate energy; 

rather they typically transform purchased fossil fuels 

into heat and electricity. Passive solar heating and 

daylighting are demand-side technologies and are 

considered efficiency measures. Energy efficiency is 

usually available for the life of the building; however, 

efficiency measures must have good persistence and 

should be “checked” to make sure they continue to 

save energy. It is almost always easier to save energy 

than to produce energy. 

 

II. ZEB - LITERATURE REVIEW AND 

METHODOLOGIES 

 

The Zero Energy Building is a complex concept with 

the number of already existing approaches that 

spotlight different aspects of ZEB. Furthermore, the 

energy balance calculation of a building equipped 

with on-site and/or off-site renewable energy 

generation systems and/or interacting with the utility 

grid and striving to fulfill „zero‟ goal is not an easy 

task. Moreover, with no clear standardized support 

for „zero‟ calculating methodology. Some voluntary 

environmental assessment methods like LEED or 

BREEAM do exist, yet they have a much wider 

scope than the current frameworks for the ZEBs. 

Therefore, if ZEB is seen as a future target for the 

buildings, it is a key issue to develop a physically 

convincing, robust and communicable calculation 

methodology that reflects the concept and facilitate 

the work of both architects and engineers in 

designing Zero Energy Buildings. 

“A net-zero energy building (ZEB) is a building with 

greatly reduced energy needs through efficiency 

gains such that the balance of energy needs can be 

supplied with renewable technologies and uses of 

renewable energy.” 

Zero Energy Building can be constructed in several 

ways, depending on the project goals, intentions of 

the investor, concern about the climate changes and 
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greenhouse gas emissions or finally the energy costs. 

In Zero-energy building (ZEB), mostly use of PV 

cells, Ventilation equipment, solar water heater, 

geothermal system, etc. proper window, doors, 

ventilators, the orientation of building are used in 

ZEB. Walls are the good insulator so walls are made 

from foam in between of two-layer of wooden, but in 

India, there are uses of Laurie baker bricks system for 

the wall as an efficient insulator. In ZEB, more using 

of solar energy, wind energy, geothermal energy, and 

rainwater harvesting. 

 

Energies use to success the zero energy building are: 

Solar Energy: Solar panels silently convert light into 

electricity using what is known as the photovoltaic 

effect, all while using no moving parts and requiring 

little annual maintenance. The building blocks of a 

solar lie in the photovoltaic cells themselves. 

Photovoltaic cells are constructed out of high-grade 

silicone, which reacts with photons from sunlight to 

produce a current of electricity 

 
Fig. 2 Working of Photovoltaic Cells 

Wind Energy: Wind energy used by the windmill. A 

windmill is a machine that converts the energy of 

wind into rotational energy by means of vanes called 

sails or blades. Wind turbines are used to make 

electricity, to produce a lot of electricity, many wind 

turbines can be placed together on wind farms. Good 

sites for wind farms are often found on windy 

hilltops, open plains, and shorelines. 

 
Fig. 3 Working of Wind Mill 

Geothermal energy: Geothermal heat pumps, which 

tap into heat close to the Earth's surface to heat water 

or provide heat for buildings. 

 
Fig. 4 Working of Geothermal Pump 

Rain Water Harvesting: Rainwater harvesting (also 

called roof water harvesting) involves the collection, 

storage, and distribution of rainwater from the roof, 

for use inside and outside the home. 

 
Fig. 5 Working of Rain Water Harvesting 

 

III. ZEB –IMPORTANCE 

 

Types of problems occur in general building: 

 The higher cost of electricity per units.  

 The higher cost of Natural Gases.  

 More use of Non-renewable sources.  

 Same atmospheric condition outer side and the 

inner side of the residential building.  

 More energy use for air conditioning and air 

heating.  

 Construction should be massive.  

 Required solid foundation due to heavyweight of 

the building.  

 Use of groundwater.  

 Hasn‟t good ventilation.  

 In residential building use of electricity which 

produces by fossil fuel which is a nonrenewable 

source of energy and it is in limited stock.  
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 In general residential building, using masonry 

bricks work for constructing wall which is not a 

good insulator.  

 For lighting purpose, people are not more use 

natural light but they preferred artificial light so 

energy consumption is more.  

 Electrical or Gas water heater is used for hot 

water.  

 Residential Buildings are not made by proper 

design so its orientation is not good enough 

which required as scientifically.  

 Many types of equipment used in building 

produced carbon gases. E.g. Gas Stove, Gas 

water heater, Refrigerator, etc.  

To solve the above-listed problems we have to 

properly and effectively design the zero energy 

building which prevents the problems generally 

occurs in the building. 

Design of zero energy building is important because 

of the limited stock of non-renewable energy sources 

and effectively uses of renewable energy sources like 

solar energy, wind energy, geothermal energy, and 

rainwater harvesting. And also to fulfill the 

requirement and comfort of the human being.  

As you may know, net-zero energy designation is, in 

some ways, a matter of accounting on an annual 

basis, a building must use less energy than it is able 

to generate. The key is to design to be efficient as 

possible, and then squeeze out every possible 

kilowatt-hour in operations especially plug loads, 

which is high performance; ultra-efficient buildings 

can make up as much as 50 percent of the load.  

 

IV. ZEB – ADVANTAGES & DISADVANTAGES 

 

A. Advantages 

1. Isolation for building owners from future energy 

price increases.  

2. Reduced requirement for energy austerity.  

3. The reduced total cost of ownership due to 

improved energy efficiency.  

4. The reduced total net monthly cost of living.  

5. The extra cost is minimized for new construction 

compared to an afterthought retrofit. 

6. The value of a ZEB building relative to the 

similar conventional building should increase 

every time energy costs increase.  

7. Higher resale value as potential owners demands 

more ZEBs than the available supply.  

 

B. Disadvantages: 

1. Initial costs can be higher effort required to 

understand, apply, and qualify for ZEB 

subsidies. 

2. Very few designers or builders have the 

necessary skills or experience to build ZEBs.  

3. Challenge to recover higher initial costs on the 

resale of the building.  

4. 4. Without an optimized thermal envelope, the 

embodied energy,  heating and cooling 

energy and resource usage are higher than 

needed.  

5. Solar energy capture using the house envelope 

only works in locations unobstructed from the 

South. The solar energy capture cannot be 

optimized in South facing shade or wooded 

surroundings.  

 

V. ZEB – COMPARISON 

 

Comparative study of energy-efficient features of 

ZEB and Base model: 

 Base Model Zero Energy Building 

Walls 
0.23m Brick 

wall 

Thermal material in 

between brick wall part  

Slab 
0.15m RCC 

slab 

RCC slab with 15mm 

insulating material, Cool 

roof 

Internal 

Finish 

plaster with 

distemper paint 

Plaster using 

polypropylene fiber with 

VOC paint 

External 

Finish 

Sand cement 

face plaster  

Sand cement face plaster 

with reflective plaster 

Window

s 
single glaze 

Double glazed solar 

control window 

Doors Flush door 
Hollow-core particleboard 

door 

Land-

scaping 

Decorative 

plants 

Re-use excavated soil 

Reduction in the lawn area 

Vegetation in front of 

windows 

Lights 
Regular bulb 

and light 
CFL and LED light 
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Solar 

light 
-------- 

Garden lights and 

common lights in the 

house 

Air- 

condition

er 

3-4 star rated  

5 star rated or inverter 

technologic air-

conditioner 

Water 

Heater 

Electric or gas 

water heater 
Solar water heater 

Fan -------- BEE certified 

Refrigera

tor 
-------- BEE certified 

 

VI. DESIGN OF ZEB 

 

A. The importance of design 

Because they're visible it's easy to think the materials 

and products used in the house are what enable us to 

achieve Zero Energy. They are all important but, like 

any other building, the critical factor to the 

performance of the house lies in its design. Not only 

is the design key, but it's also the most cost-effective 

component in achieving Zero Energy. We were able 

to achieve the biggest performance gains at the 

conceptual stage, without any capital investment, by 

incorporating site location, solar aspect, building 

orientation, and the roofing needs of the solar system 

into the design. 

Design can also have a direct impact on building 

cost; a mistake made at the design stage can be very 

expensive to fix part-way through build, or 

sometimes so expensive that it can't be fixed and 

needs to be endured for the life of the building. 

 

B. Setting energy goals for the design 

The design process produces plans and details based 

on the goals established at the beginning of the 

project. For most houses, the goals are around 

liveable areas and the aesthetics of the building. We 

had those too, but in addition, we set the goal of Zero 

Energy. 

Zero Energy is just one possible energy goal. 

Homeowners or homebuilders could require a certain 

percentage of their energy to come from solar or they 

could stipulate a Home star rating they want the 

house to achieve. 

It's important to remember the building code 

establishes minimum standards of building 

performance. Unless design goals are set that exceed 

those standards, you may end up with a house that 

performs to that minimum code. 

 

C. Site selection for Zero-energy building 

A site will often impact on: 

 Construction costs and, in some cases, the 

construction materials. 

 The layout of the house. 

 Passive solar features that can be included in the 

design. 

 The ability to utilize natural ventilation. 

 Permeability between internal and external 

spaces. 

 The character of the house, and 

 The general ambiance of the house and the 

occupant's well-being and happiness. 

 

D. Lighting and Daylighting 

In commercial buildings, only one energy load is 

more demanding than heating and cooling 

individually. That is the energy consumed by 

lighting. In recent years, lighting products and 

systems have improved significantly to contribute to 

lower demands. of course, using no artificial lighting 

at all is the most beneficial to lowering consumption. 

A typical net-zero energy building will effectively 

allow daylight to penetrate deep into highly occupied 

spaces, and employ a high-tech censured lighting 

system that adjusts artificial lighting output based on 

the amount of daylight present. In addition, 

occupancy sensors can be used for areas that do not 

constantly need to be lit. of course, the artificial light 

source itself can draw less power when CFL and 

LED bulbs are used. 

 

E. Low Consumption Technology/Appliances 

Other than lighting, additional electrical consumption 

comes from appliances and office equipment.  

Fortunately, many manufacturers across many 

industries have sustainability initiatives that focus on 

lowering the power consumed by their products.  

Many rating systems make it simple for consumers to 

choose the right products that will help to achieve a 

net-zero energy goal. 

 

F. Material selection for ZEB 

Throughout design and construction we've thought 

very carefully about four key aspects of each product 

that has gone into the house: 
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1. The type and volume of raw materials used in 

manufacturing, 

2. The effects on health while products are installed 

and located within the building, 

3. The durability of materials so resources aren‟t 

wasted in unnecessary maintenance and 

replacement, and 

4. The recyclability or safe disposal of products 

once they‟ve reached the end of their use. 

 

G. Comfort of ZEB 

Importance of ZEB in our project has many goals, 

including Zero Energy, water efficiency, and waste 

minimization. But the core reason we chose to build a 

house as we wanted a home that was comfortable to 

live in. In fact, all of the other goals are secondary; 

there's no point minimizing the use of natural 

resources if you don't enjoy living in your house. We 

firmly believe there doesn't need to be a compromise. 

Through good design and the use of the right 

products & materials a house can be both good for 

the environment and comfortable for its inhabitants. 

What is comfort? 

Comfort is generally defined as a state of physical 

ease but is influenced by number factors attributable 

to both the environment and the individual. The 

Centre for the Built Environment has an online tool 

to calculate the level of comfort based on six 

variables: 

1. Air temperature. 

2. Radiant temperature. 

3. Humidity. 

4. Airspeed. 

5. Metabolic rates. 

6. Clothing level. 

 

H. Component consider in Design 

Following are some components which have to be 

designed. 

1. Design for Solar PV and Hot water 

2. Design of wind turbine 

3. Design of high-performance window 

4. Efficient lighting design 

5. Design for geothermal heat pump 

6. Insulated form for wall 

7. Energy star appliances 

 

I. Difference in Design 

The general building has RCC Wall and ZEB have 

R.C.C. Wall and air or thermal material in space 

between R.C.C. walls.  

 
Fig. 6 Difference in wall 

The general building has normal paint on the wall 

and the only layer on the top floor and ZEB have 

Reflective copper paint on outside of wall and 15mm 

reflective layer on the top floor. 

 
Fig. 7 The difference in color on an exterior wall 

The general building has a single glazed window 

which is not good insulator for heat and ZEB has a 

double glazed window which is good insulator for 

heat because of using air between two glasses as 

insulating material.  

 
Fig. 8 Difference in window 

 

J. Certification of Design 

Fig. 9 LEED certification of ZEB 
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Above figure show the certification of zero energy 

building certified by LEED and it shows that the zero 

energy building is 5-8%, 9-11%, 12-15%, 16-20% 

more costly than it has certified by “Certified”, 

“Silver”, “Gold”, “Platinum” respectively. 

 

VII. ZERO ENERGY BUILDING VERSUS GREEN 

BUILDING 

 

The goal of green building and sustainable 

architecture is to use resources more efficiently and 

reduce a building's negative impact on the 

environment. Zero energy buildings achieve one key 

green-building goal of completely or very 

significantly reducing energy use and greenhouse gas 

emissions for the life of the building. Zero energy 

buildings may or may not be considered "green" in 

all areas, such as reducing waste, using recycled 

building materials, etc. However, zero energy or net-

zero buildings do tend to have a much lower 

ecological impact over the life of the building 

compared with other 'green' buildings that require 

imported energy and/or fossil fuel to be habitable and 

meet the needs of occupants. 

Because of the design challenges and sensitivity to a 

site that are required to efficiently meet the energy 

needs of a building and occupants with renewable 

energy (solar, wind, geothermal, etc), designers must 

apply holistic design principles, and take advantage 

of the free naturally occurring assets available, such 

as passive solar orientation, natural ventilation, 

daylighting, thermal mass, and nighttime cooling. 

Many Green building certification programs do not 

require a building to have net-zero energy use, only 

to reduce energy use a few percentage points below 

the minimum required by law 

 

VIII. CONCLUSION 

 

Zero Net Energy buildings are a technically feasible 

method of reducing energy demand. The combination 

of demand-side management with renewable energy 

sources provides a technically attractive way of 

constructing buildings with no demand on the utility 

grid. Viable renewable energy sources consist of 

photovoltaic cells, solar water heaters, and 

geothermal heat pumps. On the demand side, passive 

solar design techniques reduce the energy demand of 

buildings. The use of high-efficiency lighting and 

appliances also contributes to energy efficiency. 

Zero energy building gives Thermal comfort health 

benefits and better living conditions. 

Community development will help heat island effect. 

Thus, reducing air conditioning loads in the building. 

Zero energy building is 5-20% more costly than 

general buildings. 

In ZEB, we can produce electricity from windmill 

and solar panel; also reduce the production of CO2; 

save water from rainwater harvesting and native 

vegetation landscaping. 

This move towards zero energy buildings should 

increase investment in building technologies required 

to make zero energy buildings possible, such as 

efficient lighting and HVAC systems, improved 

insulation, and building-based smart grid systems that 

allow easier interaction with plug-in electric and 

hybrid electric vehicles. This includes energy 

management systems important to monitor, regulate 

and control energy use in both commercial and 

residential buildings. In fact, both the green building 

industry and utilities are starting to embrace home 

energy management systems. These electronic energy 

management devices are getting smarter, less 

expensive, and reaching to Cloud energy 

management automation services which should also 

trigger more sales of energy control systems in 

homes. This will become even more intense with the 

rollout of smart grids that will require all homes and 

buildings to have “smarter” energy management.  
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